D2O increases the volume of the mitotic spindle and its bire- Since the successful isolation of deuterium oxide by Urey and his co-workers in 1932, there have been several reports on the biological effect of heavy water (D2O) (20) (21) (22) . The effect of D2O on mitosis in particular has been investigated, but most studies have centered on the antimitotic effects produced by a high concentration of D2O, more than 60 %; (4, 13).
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When D2O is used with dividing cells of eukaryotes at a lower concentration (less than 45 %) it increases the volume of the mitotic spindle and its birefringence , (8, 14) . This reaction is both reversible and repeatable, within an optimum range of temperature and D2O concentration. Substitution of deuterium for protium affects the mitotic spindle, whereas substitution of the oxygen isotope (18O) has no effect (14) .
Using the meiotic spindle of Pisaster oocyte, Sato showed that D2O increased both the length of the microtubules and the number of them in the spindle (14) . This clearly indicates that D2O promotes the assembly of tubulin molecules within the mitotic spindle. On the basis of the dynamic equilibrium hypothesis (8) , simple first order monomer-polymer kinetics has been suggested for the spindle's subunits and its polymers (9, 18) . Thus, we can predict that D2O shifts this equilibrium to the state in which tubulin can be polymerized. Assuming that D2O affects the physicochemical interaction of the tubulin molecules, consequently increasing the volume of the mitotic spindle and its birefringence, the thermodynamic factors of the reaction in D2O should differ from those in H2O. (2) in which k is an equilibrium constant, the metaphase spindle is in equilibrium between the polymerizable tubulin dimers and the oriented microtubules. Assuming that the measured value of spindle retardation is directly proportional to the amount of oriented microtubules in the spindle and that the upper limit of maximum birefringence also is proportional to the total amount of tubulin molecules (tubulin dimers + microtubules) in the spindle region, equation (2) 
in which R is the gas constant. (15) to their use of meiotic-arrested spindles, rather than active mitotic spindles. The change found in the Ao value reflects a change in the initial concentration of the available cytoplasmic tubulin molecules. We concluded that D2O does not strengthen the hydrophobic interaction between polymerizable tubulin molecules, rather it affects unpolymerizable tubulin molecules making them capable of polymerization. Thus, the D2O-dependent increase in spindle birefringence probably is the result of the increase in polymerizable tubulin dimers in the cytoplasm. The existence of an unpolymerizable tubulin pool has been suggested (17, 19), but not proved experimentally. The in vitro assembly of tubulin dimers, however, suggests that polymerizable tubulin molecules are, in fact, unstable (1, 23) . Accordingly, it might be uneconomical for a cell such as the sea urchin egg to store tubulin molecules in the polymerizable state. Living cells may be able to preserve their tubulin molecules by maintaining them in a stable, unpolymerizable state. Further studies on this possibility are now in progress. 
